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6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH,QWHUQHW9LVLRQ1HW¶
2Q5HGXFHG&RPSXWDWLRQDO&RVW(IILFLHQWDQG6HFXUH5RXWLQJ
(65IRU:LUHOHVV0HVK1HWZRUN
D*HHWDQMDOL5DWKHHE+HPUDM6DLQL
DE'HSDUWPHQWRI&RPSXWHU6FLHQFH	(QJLQHHULQJ
-D\SHH8QLYHUVLW\RI,QIRUPDWLRQ7HFKQRORJ\:DNQDJKDW,1',$
$EVWUDFW
'LIIHUHQW QH[W JHQHUDWLRQZLUHOHVV QHWZRUN WHFKQRORJLHV DUH GHYHORSHG WR SURYLGH EHWWHU VHUYLFHV WR WKH FRPPXQLW\:01 LV
FRQVLGHUHG DV DQRYHOZLUHOHVVQHWZRUN DUFKHW\SH DV LW GRHVQRW UHO\RQ DQ\ RI WKH IL[HG LQIUDVWUXFWXUHV+RZHYHU WKHUH H[LVW
VRPH FKDOOHQJLQJ LVVXHV LQ GHVLJQLQJ RI WKH:01 VXFK DV YXOQHUDELOLW\ WRZDUGVPDOLFLRXV DWWDFNV DQG FRPPXQLFDWLRQ FRVW
6HYHUDOURXWLQJSURWRFROVLH$5$16$2'9RU7$2'9KDYHEHHQSURSRVHGEXWOHDGWRDERYHPHQWLRQHGGUDZEDFNV,QWKLV
SDSHU DQRYHODSSURDFK IRU6HFXUH5RXWLQJ3URWRFRO LVSURSRVHGZKLFK RYHUFRPHVGUDZEDFNV OLNHKLJKFRPPXQLFDWLRQFRVW
PDQLQPLGGOH DWWDFN ZRUPKROH DWWDFN DQG UXVKLQJ DWWDFN )XUWKHUPRUH WKH DSSURDFK LV SURYHG E\ VKRZLQJ WKH SURSHU
VLPXODWLRQUHVXOWV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV,QWHUQHW:LUHOHVV0HVK1HWZRUN5RXWLQJ3URWRFRO(IILFLHQW6HFXUH5RXWLQJ(65$GKRFQHWZRUN6HFXULW\
,QWURGXFWLRQ
$V$GKRFQHWZRUNV>@KDYHDYDULHW\RIDSSOLFDWLRQVLQLQGLYLGXDOOLIHEXWDOZD\VYLVDJHFRSLRXVFKDOOHQJHVDVD
FRQVHTXHQFHRIQRGHPRELOLW\DQGKLJKIDNLQJSURVSHFW7RSURYLGHEHWWHUVHUYLFHV VHYHUDOQHWZRUNVGHYHORSLQWR
WKHQH[WFRKRUWZLUHOHVVPHVKQHWZRUN:01V>@KDVHPHUJHGUHFHQWO\DVDNH\WHFKQRORJ\7KHH[WHQVLRQRI
PXOWLKRS$GKRFQHWZRUNLV:01LW LVDFRPELQDWLRQRI$GKRFDQG0HVKQHWZRUNLQJ$GKRFQHWZRUNLVRQH


&RUUHVSRQGLQJDXWKRU7HO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ZKHUHHDFKGHYLFHFDQXQVZHUYLQJO\FRQYHUVHZLWKDQ\RWKHUGHYLFHZLWKLQLWVEURDGFDVWLQJUDQJHVZKLOHLQPHVK
QHWZRUNV HDFK GHYLFH DFWV DV D URXWHU DQG KDV WKH SURILFLHQF\ WR UHWUDQVPLW WKH GDWD WR D WDUJHW QRGH $GKRF
QHWZRUNLVFRQVLGHUHGDVDVXEVHWRI:01%DVHGRQWKHIXQFWLRQDOLW\QRGHV:01DUFKLWHFWXUHDVVKRZQLQILJXUH
LVFODVVLILHGLQWRWKUHHPDLQJURXSVLLQIUDVWUXFWXUHEDFNERQH:01LLFOLHQW:01DQGLLLK\EULG:01$OO
WKH WKUHHDUFKLWHFWXUHVRI:01FRQVLVWRI WKUHH W\SHVRIQRGHV:01FOLHQW:01URXWHUDQG:01JDWHZD\ 
:01FOLHQWLVWKHWHUPLQDWLRQXVHUGHYLFHWKDWDFFHVVHVWKHV\VWHPIRUXVLQJWKHHPDLO9R,3JDPLQJDQGORFDWLRQ
GHWHFWLRQ DSSOLFDWLRQV 7KH HQG XVHU GHYLFHV FDQ EH ODSWRSV 3'$¶V VPDUW SKRQHV HWF 7KH:01 FOLHQWV KDYH
OLPLWHGSRZHUDQGURXWLQJFDSDELOLW\>@,WPD\RUPD\QRWEHFRQQHFWHGWRWKHQHWZRUNDVLWLVPRELOHLQQDWXUH
:01URXWHUVURXWHWKHWUDIILFRIQHWZRUN7KH:01PHVKURXWHUVDUHUHOLDEOHDQGKDYHPLQLPXPFRQVXPSWLRQRI
WUDQVPLVVLRQSRZHU7RHQDEOHWKHVFDODELOLW\LQPXOWLKRSPHVKHQYLURQPHQW0$&LQPHVKURXWHUVFKDLQVPXOWLSOH
FKDQQHODQGPXOWLSOHLQWHUIDFHV>@:01*DWHZD\VKDYLQJGLUHFWDFFHVVWRWKHLQWHUQHWDUHH[SHQVLYHLQQDWXUHDV
WKH\ KDYH PXOWLSOH LQWHUIDFHV WR FRQQHFW WR ZLUHGZLUHOHVV QHWZRUNV >@:LUHOHVV 0HVK 1HWZRUN DXJPHQWV WKH
SHUIRUPDQFH RI QHWZRUN EHFDXVH RI IOH[LEOH QHWZRUN DUFKLWHFWXUH HDV\ FRQILJXUDWLRQ GHSOR\PHQW UHVLOLHQF\ DQG
PHVKFRQQHFWLYLW\7KHFRVWRIQHWZRUNLQJLVFRQWLQXLQJWRGHFOLQHDQGKDVEHFRPHDQHVVHQWLDOSDUWLQFRPSOHWLQJ
GDLO\EXVLQHVVWDVNV$GYDQFHPHQWLQQHWZRUNWHFKQRORJ\KDVDOORZHGWKHRUJDQLVDWLRQVWRXVHQHWZRUNQRWRQO\WR
VKDUHUHVRXUFHVEXWDOVRWRVWRUHODUJHSRRORIGDWDIRUDQDO\VLV6RVHFXULQJVXFKGDWDDQGUHVRXUFHRIRUJDQLVDWLRQV
RQ D QHWZRUN LV D ELJ FRQFHUQ 1R FRPSXWHU QHWZRUN LV FRPSOHWHO\ VHFXUH >@ :LUHOHVV PHVK QHWZRUNV
JXDUDQWHHWREURDGHQWKHKLJKVSHHGZLUHOHVVFRQQHFWLYLW\DKHDGRIZKDWLVSRVVLEOHZLWKWKHFXUUHQW:L)L
EDVHG LQIUDVWUXFWXUH +RZHYHU WKHLU H[FOXVLYH DUFKLWHFWXUDO WUDLWV OHDYH WKHP SULQFLSDOO\ YXOQHUDEOH WR VHFXULW\
WKUHDWV

)LJ:LUHOHVV0HVK1HWZRUN$UFKLWHFWXUH>@
6HFXULW\LVJHQHUDOO\GHILQHGDVWKHVWDWHRIEHLQJIUHHIURPDQ\GDQJHURUWKUHDW7KHEDVLFXQGHUVWDQGLQJDERXW
WKHVHFXULW\ WHFKQLTXHV LVYHU\ LPSRUWDQW IRU WKHUHVHDUFKEHLQJSHUIRUPHGWRGD\$QHWZRUN LV DVXEMHFW WRDWWDFN
IURP PDOLFLRXV VRXUFHV %HFDXVH RI WKH PXOWLKRS FRPPXQLFDWLRQ HQYLURQPHQW DQG ZLUHOHVV PHGLD HQVXULQJ
VHFXULW\RIDQXQGHUO\LQJURXWLQJSURWRFROLQZLUHOHVVPHVKQHWZRUN:01LVDFUXFLDOLVVXH9DULRXVDWWDFNV>@
RQURXWLQJSURWRFROVFDQEHGHILQHGDVZRUPKROHDWWDFNEODFNKROHDWWDFNJUD\KROHDWWDFNDQGV\ELOODWWDFNV$OO
WKHVHDWWDFNVFDQEHG\QDPLFRULQDFWLYHLQQDWXUH/HWXVKDYHDEULHILQWURGXFWLRQRIDOOWKHVHDWWDFNV,Q:RUPKROH
DWWDFN >@ WZRRUPRUHPDOLFLRXV GHYLFHV FRQVSLUH WR IRUPD FKDQQHO XVLQJ DQ HIILFLHQW FRPPXQLFDWLRQ V\VWHP
%ODFNKROHDWWDFN>@(YHQWKRXJKDPDOLFLRXVQRGH0GRHVQRWKDYHDQHIIHFWLYHURXWHWRHQGSRLQW0DOZD\VGRD
SRVLWLYHUHSO\RI55(4PHVVDJHVDQGGURSVDOOWKHSDFNHWVUHDFKLQJWRZDUGWKHGHVWLQDWLRQQRGH%ODFNKROHDWWDFN
LVHDVLHUWRGHWHFWDVLWGURSVDOOWKHSDFNHWVFRPLQJIURPWKHVRXUFHQRGH*UD\KROH>@DWWDFNLVVLPLODUWREODFN
KROHDWWDFN,QWKLVLQVWHDGRIGURSSLQJDOO WKHSDFNHWVLWPD\GLVFDUGVRPHRIWKHSDFNHWVDQGILQDOO\6\ELOODWWDFN
>@GRHVW\SHRIDWWDFNZKHUH0FUHDWHVPXOWLSOHLQGLYLGXDOLWLHVLQWKHQHWZRUNDQGHDFKLGHQWLW\VHHPDVDJHQXLQH
QRGH WRDFFHVV WKHQHWZRUN UHVRXUFHV7RRYHUFRPH WKHVHDWWDFNV VHYHUDO URXWLQJSURWRFROV$5$1>@6$2'9
>@7$2'9>@KDYHEHHQSURSRVHGE\VHYHUDOUHVHDUFKHUVLQRUGHUWRDGGUHVVWKHVHFXULW\YXOQHUDELOLW\,QWKLV
ZRUNZHSRLQWRXWWKHOLDELOLWLHVRIWKHYLWDOH[LVWLQJVHFXUHURXWLQJSURWRFROVSURSRVHGIRU:01$OVRZHSUHVHQWD
VHFXUHURXWLQJSURWRFROWDLORUHGWR:01
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7KH SDSHU LV V\VWHPDWL]HG LQ ILYH VHFWLRQV 6HFWLRQ WZR GHPRQVWUDWHV WKH H[HFXWLRQ RI UHFHQWO\ SURSRVHG
DSSURDFKHV$5$1>@DQG6$2'9>@DQG7$2'9>@LQ:016HFWLRQWKUHHGLVFXVVHVSURSRVHGWHFKQLTXH
LHDQ(IILFLHQW6HFXUH5RXWLQJ(65,QVHFWLRQIRXUZHDQDO\]HWKHSHUIRUPDQFHRISURSRVHGDSSURDFKDQGILQDOO\
ZHFRQFOXGHWKHSDSHULQVHFWLRQILYH
5HODWHG:RUNV
7KLV VHFWLRQGLVFXVVHV YDULRXV H[LVWLQJ VHFXULW\ URXWLQJSURWRFROV7KH URXWLQJSURWRFROV HVWDEOLVKHG IRU DGKRF
QHWZRUNVFDQEHSUDJPDWLF WR:LUHOHVV0HVK1HWZRUNVDV:01VKDUH WKHPXWXDO IHDWXUHVZLWKDGKRFQHWZRUNV
$5$1>@6$2'9>@DQG7$2'9>@XVH$2'9>@URXWLQJSURWRFRODV LW LVDFRPELQDWLRQRI'\QDPLF
6RXUFH5RXWLQJ'65>@DQG'HVWLQDWLRQ6HTXHQFH'LVWDQFH9HFWRU'6'9>@)URP'65$2'9XVHVWKH
FRQFHSWRIURXWHGLVFRYHU\URXWHPDLQWHQDQFHDQGKRSE\KRSURXWLQJDQGKHOORPHVVDJHVIURP'6'9$2'9LVD
5HDFWLYH5RXWLQJ3URWRFROIRUURXWHFRQVWUXFWLRQDQGPDLQWHQDQFHLWXVHVWKUHHW\SHRIFRQWUROPHVVDJHVLH5RXWH
5HTXHVW 55(45RXWH5HSO\ 55(3DQG5RXWH(UURU 5(55E\PDLQWDLQLQJ WKH URXWLQJ WDEOHDW LQWHUPHGLDWH
QRGHVDVVKRZQLQILJXUHDDQGE 7KHEHORZVXEVHFWLRQGLVFXVVHVWKHH[LVWLQJSURWRFROZLWKWKHLUOLPLWDWLRQ
DQGIHDWXUHV

)LJD55(4PHVVDJHVLQ$2'9E55(3PHVVDJHVLQ$2'9
$5$15RXWLQJ3URWRFRO
7R SURYLGH WKH DXWKHQWLFDWLRQ DJDLQVW DGYHUVDULHV $5$1 FXVWRPL]HV FU\SWRJUDSKLF FHUWLILFDWHV WR PHHW WKH
VHFXULW\JRDOV7KHURXWHGHWHFWLRQSURFHVVLQ$5$1LVSURILFLHQWE\EURDGFDVWLQJDURXWHGLVFRYHU\PHVVDJH5'0
ZKLOHURXWHUHSO\PHVVDJHVDUHSURSDJDWHGLQXQLFDVWIDVKLRQ'XULQJURXWLQJDOOWKHQRGHVKDYHWKHNQRZOHGJHRI
FHUWLILFDWH DVVLJQHG E\ ODEHOHG&$ &HUWLILFDWH $XWKRULW\:KHQHYHU D QHZ QRGH 0HVK5RXWHU RU0HVK&OLHQW
HQWHUVLQWRDQHWZRUNLWPXVWUHFHLYHDFHUWLILFDWHIURP&$DVVKRZQLQILJXUH7KHFHUWLILFDWHDVVLJQHGE\&$
LQFOXGHV3XNH\RIWKHQRGHLVVXDQFHDQGH[SLUDWLRQWLPHRIWKHQRGHGDWHRIFHUWLILFDWHDQG,3DGGUHVVRIWKHQHZ
QRGH7KH FHUWLILFDWH LV FRGHG E\ WKH 3U NH\ RI WKH VRXUFH QRGH ,I D VRXUFH QRGH 6ZDQWV WR FRPPXQLFDWH ZLWK
GHVWLQDWLRQQRGH'DVVKRZQLQILJXUH6GHYHORSVURXWHE\VHQGLQJSDFNDJH55(4PHVVDJHFHUWLILFDWHWRDOO
LWVQHLJKERULQJQRGHV3DFNDJHLVH[SORUHGDQGLGHQWLILHGDWHDFKVWHS7KHIROORZLQJVWHSVVKRZWKHSURSHUZRUNLQJ
RI$5$1URXWLQJSURWRFRO
    
)LJ$5$1&HUWLILFDWH$VVLJQPHQW6  )LJ55(40HVVDJH  )LJ55(30HVVDJH
6WHSVRXUFHQRGHµ6¶VHQGVWKHSDFNDJHWRLQWHUPHGLDWHQRGH$

6WHS1RGH$VHQGVWKHFRUUHVSRQGLQJSDFNDJHWRQRGH%DIWHUVLJQLQJLW
 
6WHS 1RGH%YHULILHV WKH VLJQDWXUHE\ LGHQWLI\LQJ WKH VHULDOQXPEHUDQGVRXUFHSXNH\E\GHWDFKLQJQRGH¶V$
VLJQDWXUHDQGVHQGVWKHFRUUHVSRQGLQJSDFNDJHDIWHUVLJQLQJLWWRQRGH'
 
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6WHS$VSDFNDJHLVUHDFKHGWRGHVWLQDWLRQQRGH'QRGH'IROORZVWKHVDPHSURFHGXUHLQUHYHUVHRUGHU$VVKRZQ
LQIROORZLQJVWHSVXVLQJILJXUH




7KHNH\IHDWXUHVDQGGUDZEDFNVRI$5$1DUHDVIROORZV
 .H\IHDWXUHVRI$5$1
$5$1URXWLQJSURWRFROLVFRPSOHWHO\UHO\LQJRQFHUWLILFDWHDXWKRULW\IRUWKHQHWZRUNVHFXULW\7KHNH\IHDWXUHV
RI$5$1SURWRFRODUHGLVFXVVHGEHORZ
 (YHU\QRGHZKLFKHQWHUVLQWRWKHQHWZRUNKDVWRJHWD&HUWLILFDWHVLJQHGE\&$
 $5$1LVEDVHGXSRQFU\SWRJUDSKLFFHUWLILFDWHVDQGUHOLHVRQFHQWUDOWUXVWHGFHUWLILFDWLRQVHUYHU
 $5$1GXULQJURXWHGLVFRYHU\VHQGV5'35RXWH'LVFRYHU\3DFNHWWRLWVQHLJKERXULQJQRGHV
 8SRQUHFHLYLQJLQWHUPHGLDWHQRGHVFKHFNWKHDXWKHQWLFLW\E\YHULI\LQJLWVFHUWLILFDWH
 &HUWLILFDWHVDUHUHVSRQVLEOHIRUSURYLGLQJWKHDXWKHQWLFLW\RIQRGHV
 'UDZEDFNVRI$5$1
(YHQWKRXJK$5$1SURYLGHVWKHVHFXULW\GXULQJFRPPXQLFDWLRQEXWWKHUHH[LVWVHYHUDOGUDZEDFNVDV
 ,WLVEDVHGXSRQDV\PPHWULFFRGLQJDQGHOHFWURQLFVLJQDWXUHZKLFKLVYXOQHUDEOHWRGRVDWWDFN
 $V\PPHWULFFRGLQJLVFRPSOLFDWHGWDVNFRVWO\DQGWLPHFRQVXPLQJ
 ,WLVFRPSOHWHO\GHSHQGHQWRQ&$DQGUHTXLUHVLJQDWXUHYHULILFDWLRQDWHYHU\VWHS
 +LJKO\ YXOQHUDEOH WR ZRUP KROH DWWDFN EHFDXVH RI VORZ SHUIRUPDQFH DQG UXVKLQJ DWWDFN EHFDXVH RI
UHTXLUHGWLPHIRUGHFLVLRQPDNLQJ
7RUHPRYHVXFKGUDZEDFNV0*=DSDWDHW$OKDYHSURSRVHGDQRWKHUURXWLQJSURWRFROLH6$2'96HFXUH
$2'9
6$2'95RXWLQJ3URWRFRO
$QRWKHU URXWLQJ DOJRULWKP EDVHG RQ $2'9 LV 6$2'9 7R UHPRYH SUHYLRXV GUDZEDFNV DQG WR LPSURYH WKH
SHUIRUPDQFHRIQHWZRUNV6$2'9GLYLGHVWKHURXWLQJSDFNDJHLQWRWZRSDUWVL3DFNDJHFKDQJHVWKHURXWHDQGLL
SDFNDJHZKLFKUHPDLQVVWDEOH3DUWRQHZKHUHSDFNDJHFKDQJHVDORQJWKHURXWHXVHVKDVKFRGHVZKLOHSDUWVHFRQG
ZKHUHSDFNDJHUHPDLQVVWDEOHXVHV3XNH\V6WDEOH3DUWRI3DFNDJHLVGHILQHGDV 
ZKLOHXQVWDEOHSDUWRISDFNDJHLVZULWWHQDV 
:KHQVRXUFHQRGH6ZDQWVWRFRQYH\VRPHPHVVDJHWRGHVWLQDWLRQQRGH'DVVKRZQLQILJXUH6ILUVWJHQHUDWH
D UDQGRPOLQNDQGKDVKHV LW77/KLJKHVWQXPEHURI MXPSVDOORZHGIRUDSDFNDJH WLPHV$V LQ WKLVFDVHKDVKHV
WLPHVDV LQWHUPHGLDWHQRGHVDUH WKHUH2WKHUKDQGKDVKFKDLQVGHYHORSHGXVLQJUDQGRPOLQNVDQGKDVKLQJ LW LQ
HYHU\VWHSLVDGGHGWRWKHKHDGHURISDFNDJHDV 
1RZQRGH UHFHLYHV WKHSDFNDJH LW H[SORUHZKHWKHU WZR OLQNVDGGHG WR WKHKHDGHUDUH HTXDO ,I WKH\DUHHTXDO
UHFHLYHU QRGH FRQILUPV WKH DFFXUDF\ RI MXPS QRGH LQFUHDVHV WKH MXPS E\ RQH DQG SHUIRUP WKH KDVKLQJ DJDLQ
6$2'9DOVRXVHVHOHFWURQLF VLJQDWXUH6RXUFHQRGH6VLJQV WKHSDFNDJHEHIRUHVHQGLQJZKLOH LQWHUPHGLDWHQRGHV
RQO\YDOLGDWHLWDORQJWKHURXWH7KHVDPHSURFHGXUHDSSOLHVLQUHYHUVHGLUHFWLRQ
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 )HDWXUHVRI6$2'9
6$2'9URXWLQJSURWRFROUHGXFHVWKHSDFNHWVL]HE\GLYLGLQJWKHSDFNDJHLQWRWZRSDUWV7KHIHDWXUHVRI6$2'9
SURWRFRODUH
 7KHUHLVDOUHDG\DFHQWUDONH\PDQDJHPHQWV\VWHPWKURXJKZKLFKDQ\RQHFDQREWDLQLWV3XNH\
 'LJLWDOVLJQDWXUHVDUHXVHGWRYDOLGDWHWKHILHOGRIPHVVDJHV
 +DVKFKDLQVDUHXVHGWRDXWKHQWLFDWH55(4DQG55(3PHVVDJHVIORZLQJEHWZHHQQHLJKERXULQJQRGHVLQ
WKHURXWHGHWHFWLRQSURFHVV
 'UDZEDFNVRI6$2'9
6$2'9URXWLQJSURWRFROLVDQHQKDQFHPHQWRYHU$5$1DQGDEOHWRUHPRYHWKHGUDZEDFNVRI$5$1XSWRVRPH
H[WHQWEXWWKHPDMRUGUDZEDFNVLQWKLVDUH
 8QVDIHDYDLODELOLW\RIQRGH¶V3UNH\VWRRWKHUQRGHV
 3RVVLELOLW\RI0,00DQLQ0LGGOHDWWDFNE\LQYDGHUQRGH
 3RVVLELOLW\RIVLPXODWLRQDGMDFHQF\IHDWXUHE\LQYDGHUQRGH
7RUHPRYHVXFKGUDZEDFNVDXWKRUVKDYHSURSRVHGDQRWKHUURXWLQJSURWRFROLH7$2'9
7$2'95RXWLQJ3URWRFRO
7KH WZR URXWLQJSURWRFROVDVGLVFXVVHGDERYH LQFOXGHVFHUWDLQ W\SHRIGUDZEDFNV LH WLPHFRQVXPLQJ DVHDFK
QRGH YHULILHV WKH DXWKHQWLFLW\ DQG FRVWO\ GLJLWDO VLJQDWXUH VLJQLQJ UHGXFHG SHUIRUPDQFH 7$2'9 LV D URXWLQJ
SURWRFROZKHUHVRXUFHQRGH6QHHGVWRVLJQ55(4PHVVDJHDQGDWWDFKWLFNHWV7$2'9KDVWKUHHPDLQHQWLWLHVL
&$LL05LLL0&DVVKRZQLQILJXUH
 7$2'9VHWXS
,QLWLDOO\ DOOPHVK URXWHUV 05 DQG0HVK&OLHQWV 0&ZLOO FRQWDFW WR&$ WRJHW WKH FU\SWRJUDSKLFGHWDLOV DV
VKRZQLQVWHSWKHQ&$VHQGVWKHPFU\SWRJUDSKLFGHWDLOVLQVWHSIURPZKLFK05DQG0&JHQHUDWHWKHLURZQ
3XRU3UNH\VLQVWHSDQGVHQGWKHLU3XNH\VWR&$LQVWHS:KHQHYHUQHZ05RU0&MRLQWKHQHWZRUNWKHQ
IROORZLQJVWHSVZLOOEHIROORZHGDVVKRZQEHORZ
6WHSHDFK05VHQGVLWVFHUWLILFDWHDVVLJQHGE\&$WR$6
6WHS$6DIWHUYHULI\LQJWKHFHUWLILFDWHLVVXHWLFNHWWR05
6WHS&$VHQGLWVFHUWLILFDWHWR05IRUWLFNHWUHTXHVW
6WHS05VHQGLWVFHUWLILFDWHDQGLWVWLFNHWUHTXHVWWR$6
6WHS$6VHQGVLWVWLFNHWVWR05
6WHS056HQGWKHWLFNHWWR0&$VVKRZQLQILJXUH
  
)LJ7$2'96HWXS )LJ1HZ05DQG05MRLQQHWZRUN
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/HWVRXUFH6ZDQWVWRFRPPXQLFDWHZLWKGHVWLQDWLRQQRGH'IROORZLQJVWHSVZLOOKDSSHQ6VHQGVWKHPHVVDJHWR
$ DV  7KHQ $ VHQGV WKH SDFNHW DIWHU YHULILFDWLRQ WR QRGH % DV
DVVKRZQLQILJXUH
$V SDFNHW UHDFKHV WR QRGH % LW YHULILHV WKH WLFNHW DQG IRUZDUGV WKH SDFNHW E\ UHPRYLQJ SUHYLRXV WLFNHWV DQG
DWWDFKLQJ LWV RZQ WLFNHW WR GHVWLQDWLRQ QRGH DV  7KH VDPH
SURFHGXUHZLOOEHIROORZHGLQUHYHUVHGLUHFWLRQ
 )HDWXUHVRI7$2'9
7$2'9URXWLQJSURWRFROLVDQHQKDQFHPHQWRYHU$5$1DQG6$2'97KHNH\IHDWXUHVRI7$2'9DUH
 8VHVWLFNHWEDVHGURXWLQJWRSURYLGHVHFXULW\LQQHWZRUN
 $6&$05DQG0&DUHXVHGWRSURYLGHWKHVHFXULW\
 (QFU\SWLRQDQGGHFU\SWLRQUHTXLUHOHVVFRPPXQLFDWLRQVWHSV
 'UDZEDFNVRI7$2'9
$V7$2'9UHPRYHVWKHSUHYLRXVSURWRFROGUDZEDFNVEXWLWVWLOOOHDGVWRVHYHUDOGLVDGYDQWDJHV
 %RWK$XWKHQWLFDWLRQ6HUYHUDQG&HUWLILFDWH$XWKRULWLHVDUHXVHG
 9HULILFDWLRQLVGRQHE\RSHQLQJWKHWLFNHWDQGPDWFKLQJWKHVRXUFH3XNH\ZLWKWKHWLFNHWKDYLQJ63XNH\
 (DFKWLPH0&QHHGVWRFRQWDFWWR05IRUWLFNHW
 8VHVDV\PPHWULFFRGLQJ
6RWRUHPRYHDOOWKHVHGUDZEDFNVDQHZDSSURDFKKDVEHHQSURSRVHGZKLFKXVHVV\PPHWULFFRGLQJWRSURYLGH
WKHVHFXULW\LQWKHQHWZRUN6HFWLRQ,,,GHVFULEHVWKHQHZDSSURDFKWRSURYLGHVHFXULW\GXULQJURXWLQJ
(IILFLHQW6HFXUH5RXWLQJ(65IRU:01
,QRUGHUWRUHPRYHDOOVXFKSUHYLRXVGUDZEDFNVDQRYHOWHFKQLTXH LVSURSRVHG WRSURYLGHVHFXUHURXWLQJLQWKH
QHWZRUN ,QVWHDGRI XVLQJ DV\PPHWULF FRGLQJ V\PPHWULF FRGLQJ WHFKQLTXH LV XVHG7KHSURSRVHG DSSURDFKKDV
PDLQHQWLWLHVDVVKRZQLQILJXUH3UNH\JHQHUDWRUZKLFKLVXVHGWRHQJHQGHUWKHSULYDWHNH\VWRPHVKFOLHQWV
ZKHQHYHUPHVKFOLHQWVZDQWWRFRPPXQLFDWHZLWKHDFKRWKHU$XWKHQWLFDWLRQ6HUYHUZKLFKLVXVHGWRDVVLJQWKH
WLFNHWVEHWZHHQPHVKURXWHUDQGPHVKFOLHQW$QG0HVKFOLHQWVZKLFKZDQWWRFRPPXQLFDWHZLWKHDFKRWKHU7R
XQGHUVWDQGRXUDOJRULWKPHIILFLHQWO\LWLVGLYLGHGLQWRWKUHHSDUWVLSDWKHVWDEOLVKPHQWLL6HFXULW\SURYLGHQFHDQG
LLLURXWLQJ
3DWK(VWDEOLVKPHQW
7R LPSURYH WKH UHFLWDO RI WKH QHWZRUN DV D UHSODFHPHQW RI$2'9 URXWLQJ SURWRFRO DQ\ VKRUWHVW SDWK URXWLQJ
DOJRULWKP FDQ EH XVHG $IWHU SDWK HVWDEOLVKPHQW WR SURYLGH WKH VHFXULW\ LQVLGH WKH QHWZRUN WLFNHWV DQG 3U NH\
JHQHUDWRUVDUHXVHG
 
)LJ(65SURWRFRO    )LJ(65SURWRFRO
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7LFNHW$VVLJQPHQW
:KHQHYHUQHZ0HVK5RXWHU05RU0HVK&OLHQW0&HQWHUVLQWRWKHQHWZRUNERWK05DQG0&KDYHWRJHW
WKHLU WLFNHWV IURP &$ LQ RUGHU WR SURYLGH WKH VHFXULW\ GXULQJ URXWLQJ 7LFNHW RI ERWK 05 DQG 0& FRQWDLQ
 
3ULYDWH3UNH\*HQHUDWRU
3UNH\JHQHUDWRUZLOOEHXVHGRQO\GXULQJ WUDQVIRUPLQJ WKHSDFNHW IURPVRXUFH6 WR GHVWLQDWLRQ'(DFKSDLUHG
QRGHZLOOJHQHUDWH WKHLURZQ3UNH\V WRPLQLPL]H WKHURXWLQJ WKUHDWV ,W LVXVHG WRYHULI\ WKHDXWKHQWLFLW\RIQRGHV
GXULQJURXWLQJ
5RXWLQJ3URFHVV
(DFKQRGHWUDQVPLWVWKHWLFNHWDQGGDWDHQFU\SWLRQE\3UNH\VRISDLUHGQRGHV'DWDFRQWDLQV6RXUFH3UNH\PHVVDJH
DQGWLFNHWFRQWDLQV6LG'HVWLG([SWLPH6RXUFH3UNH\'XULQJYHULILFDWLRQLI6RXUFH3UNH\IURPGDWDDQG6RXUFH3UNH\RIWLFNHW
PDWFKPHDQVLWLVYDOLGDQGVLPSO\IRUZDUGVWKHSDFNHWRWKHUZLVHGLVFDUGWKHQRGH
:RUNLQJRI(65
7RXQGHUVWDQGWKHZRUNLQJRI(65OHWXVFRQVLGHUILJXUH(YHU\QRGHKDVLWVWLFNHWVZLWKLW$IWHUHVWDLEOLVKLQJ
WKHVKRUWHVWSDWKIURP6WR'LH6$%'IROORZLQJVWHSVZLOOKDSSHQDVVKRZQEHORZ
6WHS6DQG$FRQWDFWWR3UNH\JHQHUDWRUIRU3UWRYHULI\WKHDXWKHQWLFLW\RIWKHQRGHVDV 
6WHS  $V SDFNHW UHDFKHV WR QRGH $ LW ZLOO YHULI\ WKH WLFNHW E\ PDWFKLQJ WKH GDWD VRXUFH3UNH\ DQG 7LFNHW
VRXUFH3UNH\
,I'DWDVRXUFH3UNH\  7LFNHWVRXUFH3UNH\
^ 9DOLGQRGHGDWD
 )RUZDUGVWKHSDFNHWWRQH[WQRGH
`
(OVH
^ ,QYDOLGGDWD
 'LVFDUGWKHSDFNHW
`
6WHS1RGH$UHPRYHVWLFNHW7DIWHUYHULILFDWLRQDQGVHQGWKHGDWDWRQRGH%XVLQJLWVRZQ3UNH\E\DWWDFKLQJ
LWVRZQ7DV 
6WHS6LPLODUSURFHVVKDSSHQVDWQRGH%LHUHPRYHVWKH7DIWHUYHULILFDWLRQDQGIRUZDUGVWKHGDWDSDFNHWDIWHU
HQFU\SWLQJZLWKLWVRZQ3UNH\DV 
)LQDOO\GDWDZLOOUHDFKWRWKHGHVWLQDWLRQQRGH'VHFXUHO\
)HDWXUHVDQG$GYDQWDJHVRI(65$OJRULWKP
(65SURWRFRO LVDEOH WR UHPRYHDOO VXFKSUHYLRXVGUDZEDFNV7KHNH\ IHDWXUHVDQGSURVRI(65DUHGLVFXVVHG
EHORZ
 3UNH\JHQHUDWRULVXVHGRQO\GXULQJURXWLQJSURFHVV
 (DFKQHLJKERXULQJQRGHKDVLWVRZQ3UNH\VRWKDWLWLVQRWHDV\WRVWHDODQ\RQH¶V3UNH\
 7LFNHWVDUHDVVLJQHGLQLWLDOO\WRWKHQHWZRUNWRUHGXFHWKHRYHUKHDGRYHU&$
 3HUIRUPDQFHLQFUHDVHVE\XVLQJVKRUWHVWSDWKDOJRULWKP
 ,QVWHDGRIXVLQJWKHDV\PPHWULFFRGLQJV\PPHWULFFRGLQJWHFKQLTXHLVXVHGZKLFKLVPRUHHIILFLHQW
 7RSURYH WKHDERYHUHVXOWV VLPXODWLRQRIGLVFXVVHGURXWLQJSURWRFROV LH$5$16$2'97$2'9DQG
(65LVGRQHLQQVDQGWKHUHVXOWVDUHVKRZQLQVHFWLRQ,9
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3HUIRUPDQFH(YDOXDWLRQ
&RPSXWDWLRQDO2YHUKHDGLVWDNHQDVDQLPSRUWDQWSDUDPHWHUWRSURYHWKHDXWKHQWLFLW\RIWKHSURSRVHGDSSURDFK
&RPSXWDWLRQDO RYHUKHDG LV GHILQHG DV WKH PLQLPXP QXPEHU RI VWHSV RU FRPSXWDWLRQV RYHUKHDG WKDW D VHFXULW\
SURWRFROWDNHVZLWKURXWLQJDOJRULWKP,QFDVHRIDV\PPHWULF3X3UNH\VFRGLQJDQH[WUDRYHUKHDGDQGPHPRU\LV
UHTXLUHGWRSURYLGHWKHVHFXULW\WRWKHQHWZRUN$V$5$16$2'9DQG7$2'9XVHDV\PPHWULFFRGLQJDQGUHO\RQ
D FHQWUDOL]HG VHUYHU VR WKH QXPEHU RI FRPPXQLFDWLRQ VWHSV LQFUHDVH EHWZHHQ WKH FOLHQWVHUYHU DQG VHUYHUVHUYHU
:KLOHLQFDVHRI(65DGHFHQWUDOL]HGDSSURDFKLVXVHGLQZKLFKD3UNH\JHQHUDWRULVXVHGGXULQJURXWLQJSURFHVV
RQO\%HFDXVH RI OHVV QXPEHU RI FRPSXWDWLRQDO VWHSV DQGPLQLPXP LQWHUDFWLRQZLWK 3U NH\ JHQHUDWRU VHFXULW\ LV
SURYLGHGZLWKPLQLPXPQXPEHURISKDVHV
7KHVLPXODWLRQUHVXOWVRI$5$16$2'97$2'9DQG(65DUHVKRZQEHORZDQGLWLVSURYHGWKDW(65LVPRUH
HIILFLHQW DQG VHFXUHV URXWLQJ SURWRFRO LQ FRPSDULVRQ WR DOO $5$1 6$2'9 7$2'9 XVH DV\PPHWULF FRGLQJ
WHFKQLTXH VR WKH FRUUHVSRQGLQJ FRPSXWDWLRQ FRVW RI DOO WKHVH DW HDFK QRGH LV YHU\ KLJK 7$2'9 LV HQKDQFHG
SURWRFRORYHU$5$16$2'96RDVWKHQXPEHURIQRGHVDUHLQFUHDVHFRVWDWHDFKQRGHLQFUHDVHVVLPXOWDQHRXVO\
7KH VLPXODWLRQ LVGRQHRYHUQV7KHGHIDXOWSDUDPHWHUVRI VLPXODWLRQDUH GHSLFWHG LQ WDEOH7KHFRUUHVSRQGLQJ
WDEOHDQGJUDSKDUHSUHVHQWHGLQWDEOHDQGILJXUHDDQGE
7DEOHVLPXODWLRQ3DUDPHWHUV
3DUDPHWHUV 6L]H
1RRIQRGHV 
$UHD6L]H 
0$& 
6LPXODWLRQ7LPH VHF
7UDIILFVRXUFH &%5
3DFNHW6L]H E\WHV
$QWHQQD 2PQL$QWHQQD
7DEOH&RPSDULVRQRI$5$16$2'97$2'9DQG(65
1QRGHV $5$1 6$2'9 7$2'9 (65
    
    
    
    

)LJD&RPSDULQJ&RPSXWDWLRQDOFRVWRI$5$16$2'9DQG7$2'95RXWLQJ3URWRFROE&RPSDULQJFRPSXWDWLRQDOFRVWRI$5$1
6$2'97$2'9DQG(655RXWLQJ3URWRFRO
341 Geetanjali Rathee and Hemraj Saini /  Procedia Computer Science  58 ( 2015 )  333 – 341 
&RQFOXVLRQ
,QWKLVPDQXVFULSWDQ(IILFLHQW6HFXUH5RXWLQJDOJRULWKPLVSURSRVHGZKLFKHQVXUHVHIIHFWLYHVHFXULW\LQ:01
ZLWKUHGXFHGFRPSXWDWLRQDOFRVW6\PPHWULFNH\H[FKDQJHWHFKQLTXHVDUHXVHGWRSURYLGHVHFXULW\IRUWKLVSXUSRVH
,QWKHSURSRVHGDSSURDFKHDFKQRGHPXVWFRPPXQLFDWHZLWKWKHSUNH\JHQHUDWRUGXULQJWKHURXWLQJRISDFNHWVWR
HQKDQFHWKHVHFXULW\SURFHVV7KHFRPSDULVRQEHWZHHQSUHYLRXVSURSRVHGDSSURDFKHV$5$16$2'97$2'9
DQGWKHSURSRVHG(65DSSURDFKLVVKRZQRQGLIIHUHQWVL]HVDQGWKHHQKDQFHPHQWLVVKRZQ
5HIHUHQFHV
 *HUOD0DULR$G+RF1HWZRUNV$G+RF1HWZRUNV6SULQJHU86
 $N\LOGL],DQ)DQG;XGRQJ:DQJ$VXUYH\RQZLUHOHVVPHVKQHWZRUNV,Q,(((FRQIHUHQFHRQ&RPPXQLFDWLRQV0DJD]LQH
 $$)UDQNOLQDQG&650XUWK\$QLQWURGXFWLRQWRZLUHOHVVPHVKQHWZRUNV6HFXULW\LQ:LUHOHVV0HVK1HWZRUNVERRNFKDSWHU&5&
3UHVV86$
 -6HQ1)XQDELNLHWDO6HFXUHURXWLQJLQZLUHOHVVPHVKQHWZRUNV:LUHOHVV0HVK1HWZRUNVERRNFKDSWHU,17(&+&URDWLD
 <&+X$ 3HUULJ DQG' -RKQVRQ$ULDGQH D VHFXUH RQGHPDQG URXWLQJ SURWRFRO IRU DGKRF QHWZRUNV 3URFHHGLQJV RI$&0$QQXDO
,QWHUQDWLRQDO&RQIHUHQFHRQ0RELOH&RPSXWLQJ0REL&RP¶SS±$WODQWD*$86$6HSWHPEHU
 <&+X'%-RKQVRQDQG$3HUULJ6($'VHFXUHHIILFLHQWGLVWDQFHYHFWRUURXWLQJIRUPRELOHZLUHOHVVDGKRFQHWZRUNV3URFHHGLQJVRI
WKHWK,(((:RUNVKRSRQ0RELOH&RPSXWLQJ6\VWHPVDQG$SSOLFDWLRQV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